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(57) ABSTRACT

Embodiments provide a frame extension to generate short
frames with short medium access control (MAC) headers to
facilitate transmissions for wireless communications
devices. Many embodiments comprise MAC sublayer logic
to build short frames. In some embodiments, the MAC
sublayer may determine a short MAC header comprising a
type field indicative of an extension frame; a subtype
indicative of a short management, data, or control frame;
and a frame extension indicative of a particular type of short
management, data, or control frame. Some embodiments
may store the short frames or short frame formats in
memory, in logic, or in another manner that facilitates
transmission of the short frames. Some embodiments may
receive and detect communications with the short frames.
Further embodiments may generate and transmit a commu-
nication with the short frames.

21 Claims, 6 Drawing Sheets
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US 9,456,059 B2
Page 2

(56)

References Cited

U.S. PATENT DOCUMENTS

2011/0069688 Al*
2011/0149842 Al1*
2011/0149850 Al
2011/0246600 Al

3/2011
6/2011
6/2011
10/2011

Zhang et al. ................. 370/338
Cordeiro 370/328
Sashihara

Kageyama et al.

OTHER PUBLICATIONS
Office Action received for Chinese Patent Application No.
201180074616.8, mailed on Mar. 3, 2016, 8 pages of Chinese Office
Action.

* cited by examiner



US 9,456,059 B2

Sheet 1 of 6

Sep. 27, 2016

U.S. Patent

¢S0T  HOIAHd

FHO1 T
avavl Ll omoT1¥aAvT 1voISAHA
'VNNILNV]
v " (nasw)
“N|E: 91 TOT JWVIA LMOHS
£T0T waa1Ng aAvdd

001 XI/xd 3¢01

JIDOTITAVTIINS DVIN
I

("VIVA ‘TIIND ‘LINOW IMOHS)

01 Sd9¥d 2 SHUNLONYLS HNVIA

("dSS‘dH ‘HSV'I4 ‘WOY ‘Y IA)

—
(o)
—

AJOWHIN

0¢01 HOIAHA

\‘
0001

[ "DI4

vaol 6T0T
avaay| H 010071 ¥3AVT 1VOISAHd
VNNAINY
r==-=-=-- : (NAsW)
! . ANV ad
1201 440, 10T TIOHS
£TOT ¥AATING ANV YA

DIDOT IAAVILNS OVIN

—
—

(""VIVA “TAIND ‘LIWOW LIOHS)
ZT0T SATYd % STANLONALS ANV

(dSS'AH ‘HSVTA ‘NOY ‘Y IA)
T AJOWAN

or1oI1 d2IAdd




US 9,456,059 B2

Sheet 2 of 6

Sep. 27, 2016

U.S. Patent

10TT d4dVdH DVIN

A
/4 N
i1 sra-cid rra-8d Lg-vd| cd-td 1d-04d
SA 1AL OTIT 6011 SOIT| 90TI YOI
MHAVIH SLIF|LXd ANViad NOISIdA
o111 TIIL Svin| | 4FHLO LIOHS|AdALINS| AdAL] TOD0LOUd
SOd | AdOd ANVYA | JAHLO 20T 10WLNOD ANV
v TI€T0 z S.LALDO
0011 TAVIA LIOHS
1801 YHAVAH DVIN
A
/4 N
- s19-z14 -
L L 0601 3207 119709 7801
Y601 7601 SATH| |y GV 9801 TOYLNOD
SOA | AQO9d AANVEd [YHAVAH DOVIN YdHLO yons oLLvdnd AAVIA
v TI€T-0 T T SLA1D0
0801 ANV EI LTIOHS
1901 JAAVAH DVIN
A
/4 N
- vg-0d -
- - 8901 . 7001 2901
9L01 .01 SA1dl4 9901 IXT GNVEA TOILNOD
SOd | AQOd ANVYA [JAAVAH DV AdH.LO| NOLLYINa LIOHS FJANV IS
v TI€T0 T i T S1A1D0
090T ANV IA LIOHS

JT DI4

d1 "DI4

V1 'Dld



US 9,456,059 B2

Sheet 3 of 6

Sep. 27, 2016

U.S. Patent

(IAYASTE Y0O) AANIIAA 39 OL ITIT OL 0001 1100 NOISNALXA T
(VLVd ON)

TT10d-AD+MDV-4D LMOHS 1110 1100 NOISNALXA T

(VLVA ON) 1T10d-4D 1MOHS 0110 1100 NOISNALXA I1

(VIVA ON) MOV-4D LY0HS 1010 1100 NOISNALXA T

TINN TI0OHS 00T0 1100 NOISNALXA T

TIOd-AD+MOV-1D VIVA LTd0HS 1100 1100 NOISNALXA [

T10d-4D+V.LVA LIOHS 0100 LL00 NOISNA.LXH Ll

SOV-ID+VLVA LIOHS 1000 [100 NOISNA.LXA I

VIvVd 140HS 0000 1100 NOISNALXH I

zda¢d

ANTYA NOISNALXH ya$999 L4 HNTVA

NOLLATIDSHd ANVIA TIOHS | AN TVA AdALINS | NOLLITIDSAA AJAL

00€1 ATIVL SINTANDISSY NOISNALXA ANV IA LIOHS

SHAVYA TOYLNOD 1d0OHS ITIT OL 0000 0010 NOISNALXH I

SHNVYA VIVA LIOHS ITIT OL 0000 1100 NOISNALXA I

SANVYA INFNADVNVIAN TI0OHS ITIT OL 0000 0100 NOISNALXA T

zd €9

ANTYA NOISNALXHA pa S99 Ld ANTVA

NOLLATIDSHA JANVIL LIOHS | AN TVA AdALINS | NOLLITIDSHA AdAL

0021 ATAV.I SINANNDISSV AdALANS ANV Ad AL ANV

41 'DId

dr HDId



US 9,456,059 B2

Sheet 4 of 6

Sep. 27, 2016

U.S. Patent

3 |
(7 840S (*Dda1
B | WVO-9ST Sdg) |oomv ——
vIC 1T 01T 802 LJOHS HLIM NAdd)
9d [¢—| WAI0 [¢| ¥OLVINAOW | —| YIAOONT [¢ _
€0T
— ¥AATING LINN VIVA
90T YALLINSNVIL —
917 05¢C
DIDOT AHd
(" MSdOS (" *2da1
91z WVO-9§T “NSdE) 08) ENYd
— — — — LIOHS HIIM NAdN)
0TC (444 ¥TT 9TT
<NMMMM<  aga [P waio [P ¥orvinaowda [P ¥daodad 20T
NIATING FNVYA
0T MAAIIDAA T0Z

00T YHAIHOSNVYL

IJIDOT YIAVTLNS DVIN




U.S. Patent Sep. 27, 2016 Sheet 5 of 6 US 9,456,059 B2

300

305

DETERMINING A FRAME CONTROL FIELD FOR A
SHORT FRAME

y 310
DETERMINING EXTENSION BITS

y 315
INSERTING THE EXTENSION BITS IN THE MAC |~
HEADER

y 320
DETERMINING THE REMAINDER OF THE MAC
HEADER

y 325
DETERMINING A FRAME BODY |

y 335
DETERMINING A FRAME CHECK SEQUENCE -
(FCS) FIELD

FIG. 3



U.S. Patent Sep. 27, 2016 Sheet 6 of 6 US 9,456,059 B2

400

~

ENCAPSULATE A FRAME WITH A SHORT
FRAME IN A PPDU

405
e

* 410
FIG. 4A
CONVERT THE PPDU TO A o

COMMUNICATION SIGNAL

Y

TRANSMIT THE COMMUNICATION
SIGNAL

415
L~

END

450

RECEIVING A COMMUNICATION SIGNAL | 233

FROM A COMMUNICATION DEVICE

* 460
CONVERTING THE COMMUNICATION o
SIGNAL TO AN MPDU

Y

TRANSMITTING THE MPDU TO THE MAC
SUBLAYER LOGIC

465
o FIG. 4B

Y

DETERMINING A SHORT FRAME FROM
THE MPDU

470
L~




US 9,456,059 B2

1
METHODS AND ARRANGEMENTS FOR
EXTENSION FRAMES IN WIRELESS
NETWORKS

BACKGROUND

Embodiments are in the field of wireless communications.
More particularly, embodiments are in the field of commu-
nications protocols between wireless transmitters and
receivers.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts an embodiment of a wireless network
comprising a plurality of communications devices, including
multiple fixed or mobile communications devices;

FIG. 1A depicts an embodiment of a short frame with a
short frame extension for establishing communications
between wireless communication devices;

FIG. 1B depicts an alternative embodiment of a short
frame with a short frame extension for establishing com-
munications between wireless communication devices;

FIG. 1C depicts another alternative embodiment of a short
frame with a short frame extension for establishing com-
munications between wireless communication devices;

FIG. 1D depicts an embodiment of a table for type and
subtype assignments of the short frame with the short frame
extension such as the short frames illustrated in FIGS. 1A-C;

FIG. 1E depicts an embodiment of a table for type,
subtype, and frame extension values of the short frame with
the short frame extension such as the short frames illustrated
in FIGS. 1A-C;

FIG. 2 depicts an embodiment of an apparatus to generate,
transmit, receive and interpret a short frame with a short
frame extension;

FIG. 3 depicts an embodiment of a flowchart to generate
a short frame; and

FIGS. 4A-B depict embodiments of flowcharts to trans-
mit, receive, and interpret communications with short
frames as illustrated in FIG. 2.

DETAILED DESCRIPTION OF EMBODIMENTS

The following is a detailed description of novel embodi-
ments depicted in the accompanying drawings. However,
the amount of detail offered is not intended to limit antici-
pated variations of the described embodiments; on the
contrary, the claims and detailed description are to cover all
modifications, equivalents, and alternatives falling within
the spirit and scope of the present teachings as defined by the
appended claims. The detailed descriptions below are
designed to make such embodiments understandable to a
person having ordinary skill in the art.

References to “one embodiment,” “an embodiment,”
“example embodiment,” “various embodiments,” etc., indi-
cate that the embodiment(s) of the invention so described
may include a particular feature, structure, or characteristic,
but not every embodiment necessarily includes the particular
feature, structure, or characteristic. Further, repeated use of
the phrase “in one embodiment” does not necessarily refer
to the same embodiment, although it may.

As used herein, unless otherwise specified the use of the
ordinal adjectives “first,” “second,” “third,” etc., to describe
a common object, merely indicate that different instances of
like objects are being referred to, and are not intended to
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2

imply that the objects so described must be in a given
sequence, either temporally, spatially, in ranking, or in any
other manner.

Embodiments provide a frame extension to generate
frames with short medium access control (MAC) headers to
facilitate transmissions for wireless communications
devices. Many embodiments comprise MAC sublayer logic
to build frames comprising the short MAC headers for a first
communications device. In many embodiments, the MAC
sublayer logic may determine a frame with a short MAC
header based upon an extension frame format stored in
memory. In some embodiments, the MAC sublayer logic
may determine a short MAC header comprising a type field
indicative of an extension frame; a subtype field indicative
of a short management, data, or control frame; and a short
frame extension field indicative of a particular type of short
management, data, or control frame. Embodiments may
determine and transmit and/or receive and interpret short
frames.

Some embodiments implement a 1 Megahertz (MHz)
channel bandwidth for Institute of Electrical and Electronic
Engineers (IEEE) 802.11ah systems. The lowest data rate in
such embodiments may be approximately 6.5 Megabits per
second (Mbps) divided by 20=325 Kilobits per second
(Kbps). If two times repetition coding is used, the lowest
data rate drops to 162.5 Kbps. In many embodiments, the
lowest physical layer (PHY) rate is used for beacon and
control frame transmissions. Although lowering the data rate
may increase the transmission range, it takes much longer
time to transmit a packet. According to one embodiment, the
efficiency of the protocol is improved by reducing MAC
headers of the packets to be short MAC headers, which can
enable small battery-powered wireless devices (e.g., sen-
sors) to use Wi-Fi to connect to the Internet with very low
power consumption.

Some embodiments may take advantage of Wireless
Fidelity (Wi-Fi) network ubiquity, enabling new applica-
tions that often require very low power consumption, among
other unique characteristics. Wi-Fi generally refers to
devices that implement the IEEE 802.11-2007, IEEE Stan-
dard for Information technology— Telecommunications and
information exchange between Systems—I.ocal and metro-
politan area networks—Specific requirements—Part 11:
Wireless LAN Medium Access Control (MAC) and Physical
Layer (PHY) Specifications (http://standards.ieee.org/get-
ieee802/download/802.11-2007.pdf) and other related wire-
less standards.

Several embodiments comprise access points (APs) for
and/or client devices of APs or stations (STAs) such as
routers, switches, servers, workstations, netbooks, mobile
devices (Laptop, Smart Phone, Tablet, and the like), as well
as sensors, meters, controls, instruments, monitors, appli-
ances, and the like. Some embodiments may provide, e.g.,
indoor and/or outdoor “smart” grid and sensor services. For
example, some embodiments may provide a metering station
to collect data from sensors that meter the usage of elec-
tricity, water, gas, and/or other utilities for a home or homes
within a particular area and wirelessly transmit the usage of
these services to a meter substation. Further embodiments
may collect data from sensors for home healthcare, clinics,
or hospitals for monitoring healthcare related events and
vital signs for patients such as fall detection, pill bottle
monitoring, weight monitoring, sleep apnea, blood sugar
levels, heart rhythms, and the like. Embodiments designed
for such services generally require much lower data rates
and much lower (ultra low) power consumption than devices
provided in IEEE 802.11n/ac systems.
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Logic, modules, devices, and interfaces herein described
may perform functions that may be implemented in hard-
ware and/or code. Hardware and/or code may comprise
software, firmware, microcode, processors, state machines,
chipsets, or combinations thereof designed to accomplish
the functionality.

Embodiments may facilitate wireless communications.
Some embodiments may comprise low power wireless com-
munications like Bluetooth®, wireless local area networks
(WLANSs), wireless metropolitan area networks (WMANS),
wireless personal area networks (WPAN), cellular networks,
communications in networks, messaging systems, and
smart-devices to facilitate interaction between such devices.
Furthermore, some wireless embodiments may incorporate a
single antenna while other embodiments may employ mul-
tiple antennas. For instance, multiple-input and multiple-
output (MIMO) is the use of radio channels carrying signals
via multiple antennas at both the transmitter and receiver to
improve communication performance.

While some of the specific embodiments described below
will reference the embodiments with specific configurations,
those of skill in the art will realize that embodiments of the
present disclosure may advantageously be implemented
with other configurations with similar issues or problems.

Turning now to FIG. 1, there is shown an embodiment of
a wireless communication system 1000. The wireless com-
munication system 1000 comprises a communications
device 1010 that may be wire line and wirelessly connected
to a network 1005. The communications device 1010 may
communicate wirelessly with a plurality of communication
devices 1030, 1050, and 1055 via the network 1005. The
communications device 1010 may comprise an access point.
The communications device 1030 may comprise a low
power communications device such as a sensor, a consumer
electronics device, a personal mobile device, or the like. And
communications devices 1050 and 1055 may comprise
sensors, stations, access points, hubs, switches, routers,
computers, laptops, netbooks, cellular phones, smart phones,
PDAs (Personal Digital Assistants), or other wireless-ca-
pable devices. Thus, communications devices may be
mobile or fixed. For example, the communications device
1010 may comprise a metering substation for water con-
sumption within a neighborhood of homes. Each of the
homes within the neighborhood may comprise a sensor such
as the communications device 1030 and the communications
device 1030 may be integrated with or coupled to a water
meter usage meter.

Initially, the communications device 1030 may receive a
short frame from communications device 1010. The short
frame may be a frame with a short MAC header that is
identified as an extension type frame and, in the current
communication, a short management frame such as a short
beacon frame. Thereafter, the communications device 1030
may transmit a short management frame such as a short
association request frame to associate with communications
device 1010. The communications device 1010 may trans-
mit a short management frame such as a short association
response frame to associate the communications device
1030 with the communications device 1010.

Once the communications device 1030 associates with the
communications device 1010, the communications device
1030 may periodically transmit short data frames to the
communications device 1010. The communications device
1030 may also periodically receive short beacon frames
from the communications device 1010 of the metering
substation to transmit data related to water usage.
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In further embodiments, the communications device 1010
may facilitate data offloading. For example, communica-
tions devices that are low power sensors may include a data
offloading scheme to, e.g., communicate via Wi-Fi, another
communications device, a cellular network, or the like for
the purposes of reducing power consumption consumed in
waiting for access to, e.g., a metering station and/or increas-
ing availability of bandwidth. Communications devices that
receive data from sensors such as metering stations may
include a data offloading scheme to, e.g., communicate via
Wi-Fi, another communications device, a cellular network,
or the like for the purposes of reducing congestion of the
network 1005.

The network 1005 may represent an interconnection of a
number of networks. For instance, the network 1005 may
couple with a wide area network such as the Internet or an
intranet and may interconnect local devices wired or wire-
lessly interconnected via one or more hubs, routers, or
switches. In the present embodiment, network 1005 com-
municatively couples communications devices 1010, 1030,
1050, and 1055.

The communication devices 1010 and 1030 comprise
memory 1011 and 1031, and Media Access Control (MAC)
sublayer logic 1018 and 1038, respectively. The memory
1011 and 1031 may comprise a storage medium such as
Dynamic Random Access Memory (DRAM), read only
memory (ROM), buffers, registers, cache, flash memory,
hard disk drives, solid-state drives, or the like. The memory
1011 and 1031 may store the frames such as the short frames
and/or the short frame structures, or portions thereof. Fur-
thermore, the memory 1011 and 1031 may comprise data to
relate values of the type, subtype, and short extension fields
with the particular type of management, data, and control
frames. For example, the memory may comprise an indica-
tion of a value for an extension frame type as 11, a data
frame subtype 0011, and an indication of a particular type of
data frame such as a short data, contention free pollable
(Short Data+CF-Poll) frame as 0010 or a short contention
free acknowledgeable, contention free pollable (Short+CF-
Ack+CF-Poll (no data)) frame as 0111. FIG. 1D illustrates
an embodiment of a table 1100 of type and subtype value
assignments for management, data, and control frames. And
FIG. 1E illustrates an embodiment of a table 1200 of short
frame extension values. Note that these tables include values
that are illustrative so embodiments may use these values
and/or other values for the assignments of the type, subtype,
and short extension fields.

The MAC sublayer logic 1018, 1038 may comprise logic
to implement functionality of the MAC sublayer of the data
link layer of the communications device 1010, 1030. The
MAC sublayer logic 1018, 1038 may generate the frames
such as short management frames, short data frames, and
short control frames, and the physical layer logic 1019, 1039
may generate physical layer protocol data units (PPDUs)
based upon the frames. More specifically, the frame builders
1013 and 1033 may generate short frames and the data unit
builders of the physical layer logic 1019, 1039 may encap-
sulate the short frames with preambles to generate PPDUs
for transmission via a physical layer device such as the
transceivers (RX/TX) 1020 and 1040.

The short frame 1014, also referred to as MAC layer
Protocol Data Units (MPDUs), may comprise a management
frame. For example, frame builder 1013 may generate a
management frame such as the short beacon frame to
identify the communications device 1010 as having capa-
bilities such as supported data rates, privacy settings, quality
of service support (QoS), power saving features, cross-
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support, and a service set identification (SSID) of the
network to identify the network to the communications
device 1030.

The MAC sublayer logic 1018 may generate the short
frame 1014 with a type field value set as 11, a subtype field
value set as 0010, and a short extension field value set as
0101 to identify the frame as a short beacon frame. In some
embodiments, the MAC sublayer logic 1018 may insert the
short extension field value as a field immediately following
the frame control field in the MAC header of the frame. In
other embodiments, the MAC sublayer logic may insert the
short extension field value in bits B12 through B15 of the
duration field in the MAC header of the short frame 1014.
In further embodiments, the MAC sublayer logic 1018 may
insert the value of the short extension field in bits B§-B11 of
the frame control field of the MAC header.

The communications devices 1010, 1030, 1050, and 1055
may each comprise a transceiver such as transceivers 1020
and 1040. Each transceiver 1020, 1040 comprises an RF
transmitter and an RF receiver. Each RF transmitter
impresses digital data onto an RF frequency for transmission
of the data by electromagnetic radiation. An RF receiver
receives electromagnetic energy at an RF frequency and
extracts the digital data therefrom.

FIG. 1 may depict a number of different embodiments
including a Multiple-Input, Multiple-Output (MIMO) sys-
tem with, e.g., four spatial streams, and may depict degen-
erate systems in which one or more of the communications
devices 1010, 1030, 1050, and 1055 comprise a receiver
and/or a transmitter with a single antenna including a
Single-Input, Single Output (SISO) system, a Single-Input,
Multiple Output (SIMO) system, and a Multiple-Input,
Single Output (MISO) system.

In many embodiments, transceivers 1020 and 1040 imple-
ment orthogonal frequency-division multiplexing (OFDM).
OFDM is a method of encoding digital data on multiple
carrier frequencies. OFDM is a frequency-division multi-
plexing scheme used as a digital multi-carrier modulation
method. A large number of closely spaced orthogonal sub-
carrier signals are used to carry data. The data is divided into
several parallel data streams or channels, one for each
sub-carrier. Each sub-carrier is modulated with a modulation
scheme at a low symbol rate, maintaining total data rates
similar to conventional single-carrier modulation schemes in
the same bandwidth.

An OFDM system uses several carriers, or “tones,” for
functions including data, pilot, guard, and nulling. Data
tones are used to transfer information between the transmit-
ter and receiver via one of the channels. Pilot tones are used
to maintain the channels, and may provide information
about time/frequency and channel tracking. Guard tones
may be inserted between symbols such as the short training
field (STF) and long training field (LTF) symbols during
transmission to avoid inter-symbol interference (ISI), which
might result from multi-path distortion. These guard tones
also help the signal conform to a spectral mask. The nulling
of the direct component (DC) may be used to simplify direct
conversion receiver designs.

In some embodiments, the communications device 1010
optionally comprises a Digital Beam Former (DBF) 1022, as
indicated by the dashed lines. The DBF 1022 transforms
information signals into signals to be applied to elements of
an antenna array 1024. The antenna array 1024 is an array
of individual, separately excitable antenna elements. The
signals applied to the elements of the antenna array 1024
cause the antenna array 1024 to radiate one to four spatial
channels. Each spatial channel so formed may carry infor-
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mation to one or more of the communications devices 1030,
1050, and 1055. Similarly, the communications device 1030
comprises a transceiver 1040 to receive and transmit signals
from and to the communications device 1010. The trans-
ceiver 1040 may comprise an antenna array 1044 and,
optionally, a DBF 1042.

FIG. 1A depicts an embodiment of a short frame 1060 for
communications between wireless communication devices
such as communications devices 1010, 1030, 1050, and
1055 in FIG. 1. The short frame 1060 may comprise a frame
control field 1062, a short frame extension field 1064, a
duration field 1066, other MAC header fields 1068, a frame
body 1074, and a frame check sequence (FCS) field 1076.
The MAC header 1061 may comprise the frame control field
1062, the short frame extension field 1064, the duration field
1066, and other MAC header fields 1068. The frame control
field 1062 may be two octets and may identify the type and
subtype of the frame such as an extension type and short
frame subtype. The short frame extension field 1064 may be
1 octet and may include a value to identify a particular
management type frame, data type frame, or control type
frame. FIG. 1D comprises a table 1200 to illustrate examples
of values for the type and subtype fields, as well as ranges
of values for the short extension fields for management,
data, and control type frames.

The MAC header 1061 of short frame 1060 may also
comprise a duration field 1066 that is 2 octets and may
comprise a duration such as a network allocation vector
value. After the duration field 1066, the MAC header 1061
may comprise other MAC header fields 1068. The other
MAC header fields 1068 may comprise, for example, one or
more address fields, identification fields, control fields, or
the like.

In some embodiments, such as embodiments of short data
frames, the short frame 1060 may comprise a frame body
1074. The frame body 1074 may be a variable number of
octets and may include data elements, control elements, or
parameters and capabilities.

In many embodiments, the short frame 1060 may com-
prise a frame check sequence (FCS) field 1076. The FCS
field 1076 may be four octets and may include extra check-
sum characters added to the short frame 1060 for error
detection and correction.

FIG. 1B illustrates an alternative embodiment of a short
frame 1080. The short frame 1080 may a MAC header 1081,
a frame body 1092, and an FCS 1094. The MAC header
1081 may comprise a frame control field 1082, a duration
field 1084, and other MAC header fields 1090. The frame
control field 1082 may be two octets and may identify the
type and subtype of the frame such as an extension type and
short frame subtype.

The duration field 1084 may be 2 octets and may comprise
a duration field 1086 value such as a network allocation
vector value or an association identification (AID) that is
one octet and is at bits B0-B11. The duration value may be
truncated by utilizing an eighth microsecond time unit
instead of the typical one microsecond time unit. The AID
value may be truncated from 13 bits to 12 bits. The duration
field 1084 may also comprise a short frame extension field
1088 that is 1 octet, resides at bits B12-15, and may include
a value to identify a particular management type frame, data
type frame, or control type frame such as the type, subtype,
and short frame extension values shown in FIGS. 1D-E in
tables 1200 and 1300.

The MAC header 1081 may also comprise other MAC
header fields 1090 and an FCS 1094. Note that the number
of octets and the number of bits illustrated in FIGS. 1A-C
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describe the lengths of the fields in some embodiments.
Other embodiments may implement different length fields.

FIG. 1C depicts another alternative embodiment of a short
frame 1100 with a short frame extension for establishing
communications between wireless communication devices.
The short frame 1100 may comprise a MAC header 1101, a
frame body 1114, an FCS. The MAC header 1101 may
comprise a frame control field 1102 and other MAC header
fields 1112. The frame control field 1102 may comprise a
protocol version field 1104, a type field 1106, a subtype field
1108, a short frame extension 1109, and other frame control
bits 1110. The protocol version field 1104 may be two bits
in length (B0-B1) and may be invariant in size and in
placement. The value of the protocol version field 1104 may
represent the revision of the corresponding standard that the
frame represents. The revision level will be incremented
when a fundamental incompatibility exists between a new
revision and the prior edition protocol version so MAC
sublayer logic such as the MAC sublayer logic 1038 that
receives a frame with a higher revision level than it supports
shall discard the frame. Reception by the MAC sublayer
logic such as the MAC sublayer logic 1038 of communica-
tions device 1030 implies that the frame contents are valid,
and that the protocol version field 1104 value is supported,
with no implication regarding frame addressing or regarding
whether the frame type or other fields in the MAC header are
meaningful to the MAC sublayer logic that has received the
frame.

The type field 1106 may be two bits in length (B2-B3) and
may identify the type of short frame 1100 as, e.g., an
extension type. The subtype field 1108 may be four bits in
length (B4-B7) and may identify the subtype of the short
frame 1100 as, e.g., a management frame, a data frame, or
a control frame. The short frame extension field 1109 may be
four bits in length (B8-B11) and may identify the particular
type of management frame, data frame, or control frame
such as the type, subtype, and short frame extension values
shown in FIGS. 1D-E in tables 1200 and 1300.

After the short frame extension field 1109 may be four bits
in length (B12-B15) that may be used for additional frame
control field parameters. The MAC header 1101 may also
comprise other MAC header fields 1110 and the short frame
1100 may end with an FCS 1116.

Referring now to FIGS. 1D and 1E, there are shown tables
1200 and 1300 indicating the type and subtype values as
well as the short frame extension values for the short frames
such as the short data frames illustrated in FIGS. 1A-C. Note
that the values shown are for illustrative purposes and may
be any values that meet the length requirements of the type
and subtype fields 1106 and 1108 and the short frame
extension fields or other length requirements as defined in
other embodiments.

FIG. 2 depicts an embodiment of an apparatus to generate,
transmit, receive, and interpret a device profile index ele-
ment in a frame. The apparatus comprises a transceiver 200
coupled with Medium Access Control (MAC) sublayer logic
201. The MAC sublayer logic 201 may determine a frame
and the physical layer (PHY) logic 250 may determine the
PPDU by encapsulating the frame with a preamble to
transmit via transceiver 200.

In many embodiments, the MAC sublayer logic 201 may
comprise a frame builder 202 to generate frames (MPDU)
such as one of the short frames illustrated in FIGS. 1A-C.
The short frames may comprise data indicative of an exten-
sion type such as 11; a subtype indicative of a type of
extension frame such as a management frame (e.g., 0010), a
data frame (e.g., 0011), or a control frame (e.g., 0100); and
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a short frame extension indicative of a particular type of
management frame, data frame, or control frame (e.g.,
0100). The short frame formats, field values, and/or the short
frames may be maintained by an access point such as
communications device 1010 and a station such as commu-
nications device 1030 in FIG. 1. For example, in some
embodiments, a frame builder 202 may generate a frame
including a short extension field in the MAC header. In some
embodiments, the frame builder 202 may generate a short
extension field in the duration field of the MAC header. And
in some embodiments, the frame builder 202 may generate
a short extension field in the frame control field of the MAC
header.

The PHY logic 250 may comprise a data unit builder 203.
The data unit builder 203 may determine a preamble to
encapsulate the MPDU to generate a PPDU. In many
embodiments, the data unit builder 203 may create the
preamble based upon communications parameters chosen
through interaction with a destination communications
device.

The transceiver 200 comprises a receiver 204 and a
transmitter 206. The transmitter 206 may comprise one or
more of an encoder 208, a modulator 210, an OFDM 212,
and a DBF 214. The encoder 208 of transmitter 206 receives
and encodes data destined for transmission from the MAC
sublayer logic 202 with, e.g., a binary convolutional coding
(BCC), a low density parity check coding (LDPC), and/or
the like. The modulator 210 may receive data from encoder
208 and may impress the received data blocks onto a
sinusoid of a selected frequency via, e.g., mapping the data
blocks into a corresponding set of discrete amplitudes of the
sinusoid, or a set of discrete phases of the sinusoid, or a set
of discrete frequency shifts relative to the frequency of the
sinusoid. The output of modulator 210 is fed to an orthogo-
nal frequency division multiplexer (OFDM) 212, which
impresses the modulated data from modulator 210 onto a
plurality of orthogonal sub-carriers. And, the output of the
OFDM 212 may be fed to the digital beam former (DBF)
214 to form a plurality of spatial channels and steer each
spatial channel independently to maximize the signal power
transmitted to and received from each of a plurality of user
terminals.

The transceiver 200 may also comprise diplexers 216
connected to antenna array 218. Thus, in this embodiment,
a single antenna array is used for both transmission and
reception. When transmitting, the signal passes through
diplexers 216 and drives the antenna with the up-converted
information-bearing signal. During transmission, the diplex-
ers 216 prevent the signals to be transmitted from entering
receiver 204. When receiving, information bearing signals
received by the antenna array pass through diplexers 216 to
deliver the signal from the antenna array to receiver 204. The
diplexers 216 then prevent the received signals from enter-
ing transmitter 206. Thus, diplexers 216 operate as switches
to alternately connect the antenna array elements to the
receiver 204 and the transmitter 206.

The antenna array 218 radiates the information bearing
signals into a time-varying, spatial distribution of electro-
magnetic energy that can be received by an antenna of a
receiver. The receiver can then extract the information of the
received signal.

The transceiver 200 may comprise a receiver 204 for
receiving, demodulating, and decoding information bearing
signals. The receiver 204 may comprise one or more of a
DBF 220, an OFDM 222, a demodulator 224 and a decoder
226. The received signals are fed from antenna elements 218
to a Digital Beam Former (DBF) 220. The DBF 220
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transforms N antenna signals into L. information signals. The
output of the DBF 220 is fed to the OFDM 222. The OFDM
222 extracts signal information from the plurality of sub-
carriers onto which information-bearing signals are modu-
lated. The demodulator 224 demodulates the received signal,
extracting information content from the received signal to
produce an un-demodulated information signal. And, the
decoder 226 decodes the received data from the demodulator
224 and transmits the decoded information, the MPDU, to
the MAC sublayer logic 201.

Persons of skill in the art will recognize that a transceiver
may comprise numerous additional functions not shown in
FIG. 2 and that the receiver 204 and transmitter 206 can be
distinct devices rather than being packaged as one trans-
ceiver. For instance, embodiments of a transceiver may
comprise a Dynamic Random Access Memory (DRAM), a
reference oscillator, filtering circuitry, synchronization cir-
cuitry, an interleaver and a deinterleaver, possibly multiple
frequency conversion stages and multiple amplification
stages, etc. Further, some of the functions shown in FIG. 2
may be integrated. For example, digital beam forming may
be integrated with orthogonal frequency division multiplex-
ing.

The MAC sublayer logic 201 may parse the MPDU to
determine the particular type of frame by determining the
type value, the subtype value, and the short frame extension
value. The MAC sublayer logic 201 may then utilize the
frame body of the short frame in accordance with the
particular type of frame. For instance, if the short frame is
a short management frame, the frame body may include
parameters to set for communication preferences for the
source station of the transmission. In some embodiments,
the frame body may include information related to traffic
preferences such as traffic for which the source station
requests that the access point respond on behalf of the source
station.

FIG. 3 depicts an embodiment of a flowchart 300 to
generate or otherwise determine a short frame. The flow-
chart 300 begins with a medium access control (MAC)
sublayer logic determining a frame control field for a short
frame (element 305). In some embodiments, the MAC
sublayer logic may determine a protocol version field to be
the current revision of the standard, a type being an exten-
sion frame such as a value of 11, a subtype being a type of
short frame such as a value of 0011 for a data frame, and
other information.

The MAC sublayer logic may determine a short frame
extension field value (element 310) and the MAC sublayer
logic may insert the short frame extension field value in the
MAC header (element 315). In some embodiments, the short
frame extension field value may be inserted as, e.g., four
bits, in the frame control field such as the frame control field
1102 of short frame 1100 illustrated in FIG. 1C. In further
embodiments, the short frame extension field value may be
inserted as, e.g., four bits, in the duration field or AID field
such as the short frame extension field 1088 illustrated in
FIG. 1B. In such embodiments, the MAC sublayer logic may
also determine a truncated duration value by, e.g., utilizing
a duration time unit that is greater than one microsecond or
determine an AID by, e.g., hashing the AID or otherwise
compressing the AID in a manner that can be decoded by the
receiving communications device. In other embodiments,
the short frame extension field value may be inserted as, e.g.,
four bits, in a separate field in the MAC header such as the
frame control field 1062 illustrated in FIG. 1A.

The MAC sublayer logic may determine the remainder of
the short frame (element 320). For example, the MAC
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sublayer logic may generate the remainder of the frame
control field and the remainder of the MAC header such as
a power management field value, a protected frame field
value, an order field value, a more data field value, and/or the
like.

The MAC sublayer logic may determine the frame body
(element 325). In many embodiments, determining the fields
may comprise retrieving these fields from a storage medium
for inclusion in a frame. In other embodiments, the values to
include in such fields may be stored in a storage medium
such as a read only memory, random access memory, a
cache, a buffer, a register, or the like. In further embodi-
ments, one or more of the fields may be hardcoded into the
MAC sublayer logic, PHY logic, or may otherwise be
available for insertion into a frame. In still other embodi-
ments, the MAC sublayer logic may generate the values of
the fields of the short beacon frame based upon access to
indications of the values for each.

After determining the other portions of the short frame,
the MAC sublayer logic may determine a frame check
sequence (FCS) field value (element 335) to provide for
error corrections at the access point.

FIGS. 4A-B depict embodiments of flowcharts 400 and
450 to transmit, receive, and interpret communications with
a short frame as the short frames illustrated in FIGS. 1A-C.
Referring to FIG. 4A, the flowchart 400 may begin with
receiving a frame from the frame builder comprising a short
frame control field indicative of an extension type and an
extension frame type such as a management frame, a data
frame, or a control frame. The MAC sublayer logic of the
communications device may generate the frame as a man-
agement frame to transmit to an access point and may pass
the frame as an MPDU to a data unit builder that transforms
the data into a packet that can be transmitted to the access
point. The data unit builder may generate a preamble to
encapsulate the PSDU (the MPDU from the frame builder)
to form a PPDU for transmission (element 405). In some
embodiments, more than one MPDU may be encapsulated in
a PPDU.

The PPDU may then be transmitted to the physical layer
device such as the transmitter 206 in FIG. 2 or the trans-
ceiver 1020, 1040 in FIG. 1 so the PPDU may be converted
to a communication signal (element 410). The transmitter
may then transmit the communication signal via the antenna
(element 415).

Referring to FIG. 4B, the flowchart 450 begins with a
receiver of an access point such as the receiver 204 in FIG.
2 receiving a communication signal via one or more
antenna(s) such as an antenna element of antenna array 218
(element 455). The receiver may convert the communication
signal into an MPDU in accordance with the process
described in the preamble (element 460). More specifically,
the received signal is fed from the one or more antennas to
a DBF such as the DBF 220. The DBF transforms the
antenna signals into information signals. The output of the
DBF is fed to OFDM such as the OFDM 222. The OFDM
extracts signal information from the plurality of subcarriers
onto which information-bearing signals are modulated.
Then, the demodulator such as the demodulator 224
demodulates the signal information via, e.g., BPSK,
16-QAM, 64-QAM, 256-QAM, QPSK, or SQPSK. And the
decoder such as the decoder 226 decodes the signal infor-
mation from the demodulator via, e.g., BCC or LDPC, to
extract the MPDU (element 460) and transmits the MPDU
to MAC sublayer logic such as MAC sublayer logic 202
(element 465).
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The MAC sublayer logic may determine short frame field
values from the MPDU (element 470) such as the short
frame 1060 fields, the short frame 1080 fields, or the short
frame 1100 fields in FIGS. 1A-C. For instance, the MAC
sublayer logic may determine short frame field values such
as the type, subtype, and short frame extension field values
of the short frame.

Another embodiment is implemented as a program prod-
uct for implementing systems and methods described with
reference to FIGS. 1-4. Some embodiments can take the
form of an entirely hardware embodiment, an entirely soft-
ware embodiment, or an embodiment containing both hard-
ware and software elements. One embodiment is imple-
mented in software, which includes but is not limited to
firmware, resident software, microcode, etc.

Furthermore, embodiments can take the form of a com-
puter program product (or machine-accessible product)
accessible from a computer-usable or computer-readable
medium providing program code for use by or in connection
with a computer or any instruction execution system. For the
purposes of this description, a computer-usable or computer
readable medium can be any apparatus that can contain,
store, communicate, propagate, or transport the program for
use by or in connection with the instruction execution
system, apparatus, or device.

The medium can be an electronic, magnetic, optical,
electromagnetic, infrared, or semiconductor system (or
apparatus or device). Examples of a computer-readable
medium include a semiconductor or solid-state memory,
magnetic tape, a removable computer diskette, a random
access memory (RAM), a read-only memory (ROM), a rigid
magnetic disk, and an optical disk. Current examples of
optical disks include compact disk—read only memory
(CD-ROM), compact disk—read/write (CD-R/W), and
DVD.

A data processing system suitable for storing and/or
executing program code will include at least one processor
coupled directly or indirectly to memory elements through a
system bus. The memory elements can include local
memory employed during actual execution of the program
code, bulk storage, and cache memories which provide
temporary storage of at least some program code in order to
reduce the number of times code must be retrieved from bulk
storage during execution.

The logic as described above may be part of the design for
an integrated circuit chip. The chip design is created in a
graphical computer programming language, and stored in a
computer storage medium (such as a disk, tape, physical
hard drive, or virtual hard drive such as in a storage access
network). If the designer does not fabricate chips or the
photolithographic masks used to fabricate chips, the
designer transmits the resulting design by physical means
(e.g., by providing a copy of the storage medium storing the
design) or electronically (e.g., through the Internet) to such
entities, directly or indirectly. The stored design is then
converted into the appropriate format (e.g., GDSII) for the
fabrication.

The resulting integrated circuit chips can be distributed by
the fabricator in raw wafer form (that is, as a single wafer
that has multiple unpackaged chips), as a bare die, or in a
packaged form. In the latter case, the chip is mounted in a
single chip package (such as a plastic carrier, with leads that
are affixed to a motherboard or other higher level carrier) or
in a multichip package (such as a ceramic carrier that has
either or both surface interconnections or buried intercon-
nections). In any case, the chip is then integrated with other
chips, discrete circuit elements, and/or other signal process-
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ing devices as part of either (a) an intermediate product, such
as a motherboard, or (b) an end product.

It will be apparent to those skilled in the art having the
benefit of this disclosure that the present disclosure contem-
plates methods and arrangements to communicate with
another communications device via short frames. It is under-
stood that the form of the embodiments shown and described
in the detailed description and the drawings are to be taken
merely as examples. It is intended that the following claims
be interpreted broadly to embrace all variations of the
example embodiments disclosed.

What is claimed is:

1. A method comprising:

generating, by a medium access control (MAC) sublayer

logic of a first device, a short frame comprising a MAC
header with a number of fields each having various
lengths and a frame body, wherein the MAC header
comprises a frame control field, a short frame extension
field, and one or more other MAC header fields,
wherein the frame control field comprises a type field
and a subtype field, wherein the type field comprises a
value to identify the frame as an extension type frame
and the subtype field comprises a value to identify the
frame as a short management, data, or control type
frame, wherein the short frame extension field com-
prises a value to identify a particular sub-type of short
management, data, or control type frame; and

creating, by a physical layer logic of the first device, a

physical layer protocol data unit comprising the short
frame encapsulated with a preamble based on param-
eters for transmission to a second device to facilitate
wireless communications of the frame body in accor-
dance with the particular sub-type of the short man-
agement, data or control type frame.

2. The method of claim 1, wherein generating the frame
comprises generating the frame with the frame control field
comprising the short extension field in the MAC header after
the frame control field.

3. The method of claim 1, wherein generating the frame
comprises generating the frame with the frame control field
comprising the short extension field in a duration field or
association identifier field.

4. The method of claim 1, wherein generating the frame
with the frame control field comprising the short extension
field in the frame control field.

5. A first device comprising:

a memory;

a medium access control (MAC) sublayer logic coupled

with the memory to generate a short frame comprising
a MAC header with a number of fields each having
various lengths and a frame body, wherein the MAC
header comprises a frame control field, a short frame
extension field, and one or more other MAC header
fields, wherein the frame control field comprises a type
field and a subtype field, wherein the type field com-
prises a value to identify the frame as an extension type
frame and the subtype field comprises a value to
identify the frame as a short management, data, or
control type frame, wherein the short frame extension
field comprises a value to identify a particular sub-type
of short management, data, or control type frame; and
a physical layer logic coupled to the MAC sublayer logic
to create a physical layer protocol data unit comprising
the short frame and encapsulated with a preamble based
on parameters for transmission to a second device to
facilitate wireless communications of the frame body in
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accordance with the particular sub-type of the short
management, data or control type frame.

6. The device of claim 5, wherein the MAC sublayer logic
is coupled with the memory to store at least a portion of the
frame.

7. The device of claim 5, wherein the MAC sublayer logic
comprises logic to generate the frame comprising the short
extension field in the MAC header after the frame control
field.

8. The device of claim 5, wherein the logic comprises
logic to generate the frame comprising the short extension
field in a duration field.

9. The device of claim 5, wherein the MAC sublayer logic
comprises logic to generate the frame comprising the short
extension field in the frame control field.

10. A method comprising:

receiving, by a medium access control (MAC) sublayer

logic of a first device, a physical layer protocol data
unit from a second device comprising a short frame
encapsulated with a preamble based on parameters for
transmission, the short frame comprising a MAC
header with a number of fields each having various
lengths and a frame body, wherein the MAC header
comprises a frame control field, a short frame extension
field, and one or more other MAC header fields,
wherein the frame control field comprises a type field
and a subtype field, wherein the type field comprises a
value to identify the frame as an extension type frame
and the subtype field comprises a value to identify the
frame as a short management, data, or control type
frame, wherein the short frame extension field com-
prises a value to identify a particular sub-type of short
management, data, or control type frame; and
utilizing, by the medium access control sublayer logic, the
frame body based upon the particular sub-type of the
short management, data, or control type frame to facili-
tate wireless communications with the second device.

11. The method of claim 10, further comprising storing,
by the MAC sublayer logic, at least part of the frame in
memory.

12. The method of claim 10, wherein determining the
particular type of management, data, or control frame based
upon the value in the short extension field comprises deter-
mining the value in the short extension field from a value in
the duration field.

13. The method of claim 10, wherein determining the
particular type of management, data, or control frame based
upon the value in the short extension field comprises deter-
mining the value in the short extension field from the frame
control field.

14. A first device comprising:

a memory;

a medium access control (MAC) sublayer logic coupled

with the memory to:
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wherein the frame control field comprises a type field
and a subtype field, wherein the type field comprises
a value to identify the frame as an extension type
frame and the subtype field comprises a value to
identify the frame as a short management, data, or
control type frame, wherein the short frame exten-
sion field comprises a value to identify a particular
sub-type of short management, data, or control type
frame; and

utilize the frame body based upon the particular sub-
type of the short management, data, or control type
frame to facilitate wireless communications with the
second device.

15. The device of claim 14, further comprising a trans-
mitter coupled with the MAC sublayer logic to transmit the
frame.

16. The device of claim 15, further comprising an antenna
coupled with the transmitter to transmit the frame.

17. The device of claim 14, wherein the MAC sublayer
logic comprises logic to determine the particular type of
management, data, or control frame based upon the value in
the short extension field comprises determining the value in
the short extension field from a value in the duration field.

18. The device of claim 14, wherein the MAC sublayer
logic comprises logic to determine the particular type of
management, data, or control frame based upon the value in
the short extension field comprises determining the value in
the short extension field from the frame control field.

19. A machine-accessible product comprising:

a non-transitory medium containing instructions to cause

a machine to perform operations, wherein the opera-
tions comprise:

generating, by a medium access control sublayer logic of

a first device, a short frame with a number of fields each
having various lengths comprising a MAC header and
a frame body, wherein the MAC header comprises a
frame control field, a short frame extension field, and
one or more other MAC header fields, wherein the
frame control field comprises a type field and a subtype
field, wherein the type field comprises a value to
identify the frame as an extension type frame and the
subtype field comprises a value to identify the frame as
a short management, data, or control type frame,
wherein the short frame extension field comprises a
value to identify a particular sub-type of short man-
agement, data, or control type frame; and

creating, by a physical layer logic of the first device, a

physical layer protocol data unit comprising the short
frame encapsulated with a preamble based on param-
eters for transmission to a second device to facilitate
wireless communications of the frame body in accor-
dance with the particular sub-type of the short man-
agement, data or control type frame.

20. The machine accessible product of claim 19, wherein
generating the frame comprises generating the frame com-
prising the short extension field in the MAC header after the
frame control field.

21. The machine accessible product of claim 19, wherein
generating the frame comprises generating the frame com-
prising the short extension field in the frame control field.
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